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ENERGY DISTRIBUTIONS AND YIELDS OF SECONDARY10NS AND
ELECTRONS EMITTED BY GIOTTO DURING RALLEY ENCOUNTER

D. T. young

Spaco Plasaw Physics
Los Alamo@ National Labor*tory

la. Alamo., NM 87545

ABSTFMC’Y

T’h uxtrema rmvelocfty ~f tha CIOTTO space-
craft with respect to the Ralley ●nvironment will
produce ● tmtrt of aurtaca impact phenomena not
pr~viou~ly encountered by planetary spacecraft.
Thle peper ●xtends earlier efforts to model impact
produced plasma At CIC’2T0 b~ irwcstl~atlng
publie~ed data on eecondsry ●lectron ●nd ioa
●nerrgy dlstributione, including the ●ffect of poe-
sible surface contami~atio!,. One new re8ult, 10
the finding that the threshold velocity for
kinetic ●miestrur of cecouiary ●lectrons by neutrsl
gee 1. very nesrly ●qual to the GIOTTO ram
velocity. Thl$ maka~ it difficulc co predict
●lectron yieldo due to nautral See impact.

1. INTRODUCTION

This note cmmarfzcs date on the energy
distrlbutione ●na yield~ of eecondary ●lectrons
●nd 100C which are relevant to the problemo of
CIOTTO spacecraft chat!gins. The intormacioa
reported hara !e drawn largely from a oearch of
the literature on surface impact phenotaenm. It t8
expect~d that come of the GIOT7’O eurfac? mat.?rials
will ●ctually be tected in laboratory pnrticlc
beem~ to pr~vide more reliable data on thit
complax problem. Tha compilation of ●xisting data
●nd referencao rnhould nonat%eleeo prove useful,
percicularly Witn regard to anomalous turfsce
effecte eoen only in opaco.

tfforte of the GIGT’TO PlaamA Environment
working Croup (PEWG) have been directed toward mo-
deiina the plaema envircmnant near the epncecraft,
particularly ae it reiatea to the problea of elac-
troetaclc charging. T%US far work hae cantered on
ident~fylng tha raltvant eecoudmry proceeeea ●nd
●ntlmattng thair ranpective yields (cr. Rat. 1).
Data on ●nersy dlatritwtiont ●nd yieidn have baan
axamined cara!ully, with the objactlve of
ep$cifyln~ more prer.iaely tbe $ounrlary condlttono
neaded for ei~!ulation model- of th G1OTTO
charglnS problm. Thte mAy also ha of lnteroet to
planma oxperime~tere, ●nd othere with inetruuatrte
on CI.TTO, whoem d.esauremoo(t may be comptominad
by the hish deneiry of apurloua part’icI*o lnduccd
~round tha apacncraft.

Figure 1 illuotracec the varitty of Incident
●nd emittad matarlals vhich ●re important in the
context of the hypervel<,cfty interaction of CIOTTO
with Comet Ralley. contributors to primary radia-
tion ●nd particlee reachint GIOTTO ●re solar
photons, cometary ●lectrons, ions, neutr?l gaoas,
●nd dust. Inelde the bow shock, solar vind ion
●nd ●lectron fluxee ●re netlicible ●s Fi~ure 2
shows . Photoelectron ●nd cometary ●lectrono ●nd
lone repreoent ● fairly mmall component of tha
current to the front surface of GIOTTO, althouth
under normal circumetancee it 10 cheee fluxee
which would determine the ●pacec:aft potential.
Generally speaking, the problem of charging due to
photoelectrons ●nd ●mbient pltsmm 1s well under-
stood (Refs. 3-7). Thle is true despite the fact
that real spacecraft ●urfacec ●ra selrfom the
priotine metallic materials preferred in labora-
tory cxpariments on eecondary ●mission. Studieo,
fur ●xample by Dm?oreet (Ref. 4) ●nd Crard (Ref.
3), ohoJ reasonable ●~reement betuetn calculation
bacad on laboratory data ●nd cutranto und poten-
t:tle maaaurad in ●pace. Conditions on CIOTTO
during Ralley ●hcountar w1ll be more extreme than
the more familiar spacecraft-plae~ interaction
typical of the Carth’e magnetosphere, primarily
becauce of the high ram valoclty ●e vail ae the
preoence rrf duct.

2, SURYACE CNARACT?RISTXCS OF TNl! CIOTTO SllICLD

Due to thermal deoisn conolderatione, ths
GIOTTO duet thi~ld w1ll not be ● pure metallic
ourfec~ ●t. of ●lumlnum or Bold. Inetead a
conducting whit. ●llicon-baead paint wiii be uted.
It !s ●mphaaited that the GIOTTO spacecraft
conflsuration, i.-,, vith the rocket ●otor
pointing out through the sam~ surface through
which insrrurnento mwst viaw, is ● ●eet undeeir”’
●him, ●lbeit Ifecaaeary, eltuation. ‘ho painted
duet ehield aurfece will very likely be cover-d
vich one or more monolayer of rockak ●otor
●xhaust productn, primarily hydrocarbons. Studleo
of the CEOS apogee motor, which 1s being uoed for
C1OTTO, chow that 72 of Lha weight loco of the
rocket ●otor llnint coneist~ of ●tterialo vith
❑rrlocwlar ~ai~ht ~>0 ●mu (Ruf. 26) vhich are
Iargaly hydrocarbons (Ref. 27), Calculation of
tha ●beolute amount of material depo~ited is not
poacibla, but it ie known thnt oa]f.-ecatterlnB
within the outgaaeing cloud so w*L1 *O 9catterin8
from ambiant Sme and ●lcctroetatic re-attraction
can produc? eisnificant ●mountn of uurface
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SPACECRAFT SURFACE

Figure 1. Incldont ●nd ●mitted radiation ●nd particlam on the CIOTT’G dust shield surfaca. Abbravia-
—

ons usad ●rc M = photont, ● - ●lectroos, i - ions, n - neutral gat, d = dust, b = bzckccattarod psrti-
ec. Of ths S type. of incidant material, only ions, dust, ●m? neutral gas ars incident no-l to the

,ntaminstlon (Ref. 28). Ouring the 9-mont:’t
wise phase, illurclnetion of the contaminated
~rfaco by solar Wmay chemically •cti~et~ it,
lar,~int the ●ffective work function and ●urfeca
riding ●nergy. Chemical ●ctivation ●ff~cts ●rc
lite possibly responsible for ●nomalously high
n sputtering yimlds ob$erv~d on Atmoopharic
plorcr spacecraft (Ref. 29) ●s well se hi~h
condary ●lectron yields c~en on OV1-18 (Ref. 33)
d Pionoer V@nu@ Orbittr (Raf. 7). Kinetic
18siou must cl-srly be involved in tht case of
‘O ●ven though ram valocitios ●rc wall balow
,rachold. This sugtasts ● contamiruted and/or
●mlcall~ ●ctivated ourface. Theoe ●ffecte ●re
●rly Impoosiblt to predlcc beforehmn4, althou8h

cttu plae- m~naurementt could ●ase the, —. @itum-
on ●s diocuseed bmlov.

In ●ummery, aven without contamination, the
OTTO dust ohield would not be ●rt ideal purfecc
oofar ●s its phyhical properties ●re concetnad,
is precenta those setking co ●odel the CIOTM
A** ●nvlronmant with a dffficult tack; tr,
●rscttrlxe secondary charged particle tmissionrl
ffflcult ●ven far ● “clean” metallic surface) 0!!

ilI-defined@ “dirty” ourface.

3. PilOTOIMISSION

Photoemiatioa from opacecreft ●urfaces i-
norelly v*11 understood. ~o~eover, in term of
condary particlt cJrrento, photoamiteion le not

very Importent process within the tomete!y
vironment (?18. 2),

AC 1s veil knovn, the photoelectric ●ffe:t
aulto in omieoion of ●lectrons whom maximum kt-
tic ●nergy 10 ●qual to the ●nergy of the
cidont photono minuo tht work function nf the
{ttirr8 gurfoft. In fact, few ●lectrona ate
UII,! mar tha maximum ●netgy ●nd tit. dittributi,r.tt

r..sonably veil deocribetl by ● Gauoglan with ●

an of m 1.3 ●V (Refs. 5,7)0 Provided that torte
all ●moljnt of ambient pltame ie present to
ls,,ce Ouc tha flux of the hi-heot ●nerly
,~~oelnctrono, it turns out thet the details tf
e emitted ●lectron dirntributions do not met~ar
ry ouch , Crard (Ref. S) found thet a
welli~n havins ● mean ●ner~y of w 1.2 - 1.5 ,*V

●dequately described the *mitted diotributiout.
Electron yield ●nd the ●hape of the ●nergy
distribution do depend, however, on whether a
contaminating layer (e.g. ●n oxide or hydracarboo
coatins) 18 prtaent. Extenoive data 00

photoelectron yielde ●nd spectra for ● wide range
of meterialm of intereet I* ●pace ●ra foutld in
Ref. 9.

Whac ic the ●pplicability of laboretor~

reeults if the GIO~ dust chield is r.ontaminated
by hydrocarbon from t,te rocket motor? Even 1-2
monolayer of ouch a depocit are ●ufficitnt to
change the work function of the .mittin# surface
●nd henco the secondary ●lectron mergy distribu-
tion (Ref. 0), fipicMl carbon matcrialr hel~e low
intrinsic photoemiosioa yieldc ●nd hish W absorp-
tion coefficient (Ref. 9). ?euorbccher ●nd
Fttton (Ref. 9) noted th~t ● 500 A thick cacbort
film on $old ●uppreeoed the photo yield hy a
factot -3 ●t photom enar~iem <1? ●V and by 302 at
hisher ●nergito.

Sine@ photoemictioo it fairly well under-
@too,], and since there will be opporcunitiem for
plawmt inttrumento to be qxercised during the
cruise ph~ee of the mlsolori, it shou:.1 be poeslble
to meecu~e the GIOTTO potential under conditions
whi:h ●re veil-dafined~ vig, with oolar wind
plama and photoeaftuioa t~un:y contrlbutora to
chattirtB. These results COU14 then bg fod back
ir.o ●odele of C1OT7O ch~r~ing in order to Ieain
aom@thitiS ●bout th~ ●econdary ●mtaaion propetciee
of the real GXO17’0 ourface.

4. lSLWt’RON IMPACT

Iocident ?olar wind end cometrry alectron
fluxoc ●re umxll reletiv~ to other ptrticls fluxes
during west of the ●ncourtter (Pi~. 2). turther-
●ors, mAaimum -@conder# ●loccron yield occur. ●t
primary ●lectron ●neraiea of ● few hundrgd ●V.
Beeau~e ths typlcnl primmry alectron fluxes during
●mcounter chould coneidt ●lmoct ●ntirolf of
●lectrono of n raw tsns of eV, oacondary yieldc
will be 10V. Accordtq to data of Ref. 11 (Tm!le
13-3-1, 13-3-2) we ohould ●xpect yicldn veil bekov
1, Therefo!e, taking into ●ccount both the low
primary flux, ●nd the low oocondbry yiaid, we’mi~
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?igurt 2. Approximera fluxac of ions ●nd
tloctrons incident on th GIOTTO dust chicld (in
:ho casg of ●mblant lone and cloctrono) or cro~ted
In th~ ●hf,ld (in tha cosa of photwl~ctrono, #se,
~nd duct). Tha yield for gao ●nd dust production
If ●lcctrona and !ono ha. srbitrmrlly boon taken
IS ), but in fact it - 50% for dust ●nd may bc <<1
:or nmtral sac--moo taxt. (Adaptnd from Ref. 2),

lxcluda from furthar consideration s~condary ●lac-
:rort production by tlactron impact. Of couro~, if
:ha aurfact is chm~ically ●ctivacad, than ●lcctron
~!~ldt may ba tuuct. h18hor.

s. ’40N AND NEUTLAL :MPACT

h%on ionu or ngutrals (moleculat or ●tome)
Itrika ● curfcc- thr?a OPOCIQS of trua aocondary
~artlciam ms”t ba amlttedt lonn, nnutralc and
ll~ctront. Thara alao ex!stc tha po~oibllity of
)ockscatcarlns of the lncldont partlclo partlcu-
arly at ‘IOU !ncldont cnar~ios (few hundrad ●V).
:ha subjac~, of o~condary n~utrmle do-a not coacorn
)* hsr~, ?Ithnugh thay mAy domlnat~ tha total num-
mr of atomic particlsc @mittad (cf. Ref. 1). Ma
Ilmo no’.~ ● point which is quit~ cl.ar from tho
mrcp~crlvo of ●urfara phyaico, but whiclI hag
:tueed ●omc confunion in Hsllay chartln~ otud~+a,
lamely that tha colllnlonal proco.~oo governing
ll~ctlon ●nd ion amioc!on nr@ basically differ~nt,
%um #@condary ●loctron and sputtorod ion yield-

need not be equal, nor are the emitted fluxes of
thece particles ●qual a priori. Once the effect
of spacecraft charging 18 taken Into ●ccount, then
the net flux of pccitive ions and electrons muet
balance out In order for equilibrium to be
reached. In one senoe the ourface knows nothing
of cherge balance, it is simply drivers by the
impact of lone, neutrals ●nd duet. It la Up to
the spacecraft ●$ & whole to find a ~harge-neutral
eelutlon to the pcoblem.

S.1 Secondary Electron Emiesion

For xeesons that will be explained shortl>,
the importance of ●econdary ●lectrott ●mimsion to
the CIOTTO mission henge on m unusuel
coincidence, one that hae apparently ●scaped
notice up to now. Thi~ cotneidence concerae the
threohold for kinetic ●mfmsion of oecortdary
●lectrons. Below ● certain velocity threshold,
N6O-1OO km/s, potential emiesiott of ●lectrone is
the primary mechanism for secondary ●mf.eeion (more
●xtensive treatments of this eubject ●ppear in
Refs. 12-14). This is Illustrated in Fig. 3 for
●rgon Ions ●nd neutrale. Potential ●ission
reoulto primerily from Auger neutralization of the
incident ion. The requirement for this procsce to
teke place i. that the Ionixttiou potential of the
fncidemt ivn be greeter then twice the work func-
tton of the surfece, i.e., 21 > 2*. V*luee of El
for various cometary ions are listed in Teble 1.
Note chet the CIOTTO ●urfece properties, including
the value of O, will be lergely unknown. ‘rhua an

Ar”,Ar” ON CLEAN Mo

I
/

At”

?
KINtTIC

Cr

4*J

EMISSION

,.. -..l-.—._l..-. J_..-.
1000 Rooo

ION FNERGY(c V)

Figure 3. Secondery elactron yioldn for
●rson neutralo (ArO) and inne (Ar+) incident on
clean, polycryotelline No ● (Adeptod from
R-f. 11.).



Table 1.

!ary First ioniz. Kinetic
:ieg potential (V) ●nergy (*V)* ~~ ~ ;“V)**

13.6 25 3.6

: 15.6 5.6
24.6 % 14.6
13.6 398 3.6

;3
11.2 423 1.2
12*6 447 2.6
14.1 696 4.1

!2
15.s 696 5*5
14.4 1094 4.4

~ed or ram ●nergy only, baaad on spacecraft=
t velocity of 69 kmls.

~ta of o from in-flight data, by the method
?sted in Section 4, would b- most uoeful.

Obviously, potential emi8aioL cannot occur
lucident neutrals. Rowever, at energies ●bove
the proceae of kinetic emiaaion beginm to

tte. Although not understood ●e well as ie
ntial emlceion, kinetic emission iu physically
lar to collisional phenom~na in gaaee, ●xcept

the ●mitted oecondariao muot ●scape from the
i ●urfar.e in order to be obeewed.

The coincidence refarrca to ●bove ie that the
rhold energy for kinetic emiosfon corraspood$
m incidemt velocity variously ●stimatad to M
DO km/s ,Ref. 12, p. 305; Ref. 13, p. 472), ●

w range whooe lover limit coincidas with the
velocity of cometary neutrale ●od ionm

hing GIOT70. The proximity of the valocity
@hold for cmisaion to the impact velocity on
N ●uggeste that it MAY be very difficult to
nmino~~r~lo whether ● givcu neutrsl species
●ject ●econdary ●loctrona, Uncertainty over
surfaca work function further complicate

trs. The kinetic emiseion theory of Parilie
Kishinevekil (Ref, 1S), which .oeom to have

St accapt.nce, predict. a definite threchold
depcn4e on the depth of the eurface’s veleoce
its work function, ●nd the ionl:ation

;ci*l of tha impscting particla. Here
ntly, Baraglola ●t ●l. (Ref. i;) derive ●

@hold of m 200 h/e dependent only on the
aca work function. Bacauee of thin thremhold
Ct the yield of secondary ●lectrons due to
ral impact will be critically dapeodent on
ace charactcrietica.

Conternlng aecoadary ●lcctron ●mlatfon by
, it it clear ;rom Table 1 that tho modt
dant cometary ion apcclmm can be ●xpectad to
t ●lectrone by tha potential procaom providod
tn. surface work function remains b~low C-7

hlch in likaly to b~ thn cam~. Again, becmoe
th$ valocity threshold, th~re may be little
ributlou from the kinetic procaer.

Socondar~Eloctron l!ner~ Distributiona.-.-— -.. -.--— — ..— —

IJhrirt potantial ●micsion is poooible, no in
cfime of moot ion ●peciee impactin& CIORO, the
mum ●lectron energy it given Cillply by

2+. Valueu of thfa paramater ●re &iven in
laac column of Tabla 1 under th* ascwmptiou

$ = 5 V. From Tabla 1 (He+may ba ~e$lectad)

●nd with reference to sacoodary ●lectron cpectra
of aai strum (Fig. 4), secondary ●le~trons will
havs mean ●nergies of - 2 ●f? (i.e. - E - 2+))
with maximum values fiof -5 ●V. For h av ●r, and
therefore more energetic, ions the high energy
tail should extend a btt farther than the ●atimete
in Trlble 1. l’his is illuatratcd in Fig. 5 for ~+

I

I

o 4 8 12 16

e- ENEIWY (eV)

Figure 4. Energy spectra of secondary ●lectrons
p.educed by the procaos of potantial ●jection.
(~rom Ref. 16).

2“’T---’--I
20 1- Kt+ON W -1

a- ENERGY (oV)

Fisurs 5. Effact of varyinR ion ●ner~y on
anergy diatributlon of secondary ●l*ctrone ●jact~d
by the Autcr procece. (From RoF. 16).
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from which we Uy eetiaate that heavy iomI ●uch as non-?taxvelllan h18h ●nergy tails on sputtered 10LI
co: will produce ●lectrone up to - 10 ●V. distributions. Examplas are given 10 Figs. 7-9

for several systems ●~,d energy ranges. AppreC;-
lttkinetic ●misston (Fig. 6) the ●nergetic ●ble numbers of font ●re present out to several

tall of the electron dlstributien becomes more lm- tens of eV in all 3 cases. Note also that mesa
portant with increasing ion energy. However be- ion energies are -5 eV, ●bout, twice the value for
cause CIOTTO Ie lust St the threehold for emla- secondary electrons.-–
●ion, the dfatributiona will be rather “soft”,
●.g., similar to that of C-+ in Fig. 6. This
eteme from the fact that near thteshold the ions
have 10V energy ●nd ●re #topped relatively near
the ●urfmce where ● greater percentage of IOV
●nergy electrons ●scape. Moreover, there la
li*tle ion kinetic energ~ to transfer to the
●lectrons which are ejected.

S.3 ~uttered 10? Distributions——

Despite the emergence of ●econdary ion mesa
mpectromet~y (SIMS) ●s ● tool fn surface ●nd mate- ti
rials sciunces, there it not ● great deal of >
information available which is relevant to CIOTTO. s!
The currently favored theory of ion ●puttering la z

~
that of pertic?.e ejection by ● localized beet.ing \
process in which sputtered stoma, molecules, ions
●nd electron. are all in 10CS1 thermal equilibrium ~

(LTE) co that ● modif~ad form of the Saha loniza- .

tion equation may oe applied (Ref. 17). One s

failure of this theory, which is of ●ome Id
importance hare, la the appearsn~.e of long,

o- ENERGY (cV)

PiSure 6. Effect of vtirying ioo velocity on
•n~rgy distribution of secondary ●lectronc ●ject~d
by tha kinetic process. Ioii man~efi

&
●mu) ●nd

vtlocitiee (km/c) ●re Li+ (6.94, 263), (39.!,
111), ●nd C@+ (132.9, 60). CO+ 1- very near thm
threshold velocity for klnet~c cmfc.~on. (Adapted
from Ref. 11).

la

10-41 keV Ar+ON Au

I 1 I
10 lo~

SPUTTEREI) ION ENERGY(eV)

FiguLe 7. Mergy rnpectrum of atoms ●puttered
from ● pulycr~otalline Au targat bombarded by At+
iono. (Adapted from Ref. 18).

I -+___ ._&____ -+..J
20

10N/NEUTRAL ENERGY (oV)

Ylgure 8. Ener&y opectra of cputttred Cu
●toms ●nd lono plotted on ●n erbitrary ●cale.
Note the more lntenuq hlth enargr tail of the ion
dlutributloo relative to that of tha neutralo,
(Adapted from Ref. I!J).
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8 k# ’60- ON GLASS

+

I I 1 I J
ix 40 60 60 co

SPUTTERED ION QNERGY (eV)

Figure 9. Energy spectra of ions sputt red
a glass surface bombetded by 8 keV l%.- ●

for the two epecfes are offset by w 1/2 unit
he (srbitracy) linear scale. Note that the

energy tail exter.dc to -50 eV ●lthough the
are fit reasonably well by s maxwellian out

10 eV,. (Adapted from Ref. 15).

6. DUST INPACT

Dust particles with masses ~ 3x 10-7 g will
panetrate the front “bumper” shield of CIOTTO.
he impact velocity of 69 kte/s these small par-
es ace vaporiz~d md to ● large degree ionized
-100% depending oa particle WC.), thareby
ucing ● plama coapoaed of dust material,

C, S1, Fe, Ng (Ref. 20). Discu8siorI of the
;O dust impact ionization phenomenon ie f$und
Rafa. 21-23. The dunt pls.ma cloud fomned by
lmpacc of ● single particle rebounds ●way from
chield surface with ● bulk velocity - 40 km/s

t cloud expanoiom velocity of ●omewhat lass
, 22). N,eemberg (Ref. 24) con#~der+d ●

ia, analvticel model of plaema cloud expan~loa

;%~e ~;oih~fl~$ ~~’Z~~~~~g’’”I~zl;~~i
spacecraft potential of 1O-2O volto. Thie
:tioo is eupported by platti wave ~natruments-

on Voyager 2 whfch ob$erved ●n Intenee noise
L during creasing of the C ring (Ref. 25).
ger deta were interpreted in terns of ●n
!ding duet plaoma cloud that ●av~loped the

~~;!v: fip’:~;::u:;:en~::; chh;:;~;r”:::;

on coupling of the ●ntenne to the induced
m cloud) wero ●bove the instrument ●aturatlon
1 ofc.25vo

Modeling of the dust plaema co~ponent ie
fly important in view of it, large contribu-

te ?Otal chfirged particle fluxaa (Fig. 2).
rtunately .ha hi8h impact velocity of 69 km/s
ludes direct laboratory maeeurement of ●mitted
pd particle.. We may c~aclude from the
~oue discuesioa that ione will fone a drifted
Illian distrib~tion with speede divided ●boct
lly between drift ●nd ●xpaneion ●otions.
:ron# ●rti carried ●long by the demands of
~e neutrality in the ●xpanding plauma cloud.
●ra subhonlc because ●ven ●t low tempareturee

IV) their Charmal ●peed io much hithe? than
:loud’o drift rat.. Electron temp~raturea may
●otimated from the Sah4 fo.mula for the
~dlng cloud (R-i. 22). Smaller dust pcrttcleo
ice hfgh.r ●lectron tamparstureu becausa ths

I

ELECTRON ENERGY (M
.

Figure 10. Eleccron ●nergy spectrum expected
from duct impact on the GIOTTO ehield. Dmshed
line repreeentu ● maxwellian withkTe - 0.6 ev.

electrou-foa relaxation time becomes shorter for
●mailer particles ●nd electrooe looe thermalcon-
tact with ions earlier la the expen,ion. Usin$
data in Ref. 22 we find that k~e m 0.5, 1.0, ●nd -
4.0 eV respectively for electrons originating from
the fmpect of 100, 10, ●nd 1 y dust partfclrs.
This information, together with ● model of the
dust size distribution (Ref. 26) and the degree of
ionization (Ref. 21), has been uead to construct
the model elsctron diatribucion ●hewn in FIs. 10.
The solid line indicat.ec the approximate ●nvelope
of the combined ●lectron dietrfbutions of varying
temperatures. For comparison, the deshed line 1s
the tail of a maxwellian having kTe - 0.6 eV.

7. sm?l AND COtWIJJSXONS

Tablee 2 and 3 provide a summary of the
dlstributione diocucsed in the precedln8 ●ectiono.
Note that in Table 2 the yield for secondary ●lee-
trtib emiseion by ion ●nd nautrel impact is not
given. ThaDa ●re dependent ou whether the recpec-
ti~e thresholds ●re met ae ditcuseed mbove. The
yield for shock ionization of dust partici~e 10
given ●o 0.5 becsuoe this is roughly the mean when
avaregad over the dust size distribution.

The CIOTTO missioa 15 ●lmost certain to
preeent plssma ●xperimenter with ~omplex ●ad
challenging probleme in the ●res o. spacecraft
interactlonu with planetery ●nvironment,, Baci-
Cslly, the ram veloc ’ty of the spacecraft is ●o
8resL that ● considerable ●mo!!nt of free energy is
●vailable to drive physical ●nd chemlc~l procemeec
which will result in charged particle emission.
ordert of magni~ude greeter than ●ny previously
●ncountered. At the name time, tho peculiar
●p*cecraft c,,nfiguretlon of ● rocket motor
protruding throush the forward (ram-dlrcction)
surface, 08tc the ate~e for ●elf-conraminetion ●i
well am chemictl-titivation prob.lemo. Under thie
Ccc of circumntancee it io doubtful that



. .
.’

Table 2. SecondaW Electron Emiccion

Energy Xean Thermal
Sourca Mechanism Yield Dlstributlou Energy (eV)

Photoabsorption Photoelectric effect .— nax . 1-2

Electron impact Colli8fona << 1 {
Uax .
Backacatter

1-2
IIe

Ion impact Potential ejectiou O fer Ei < 2+ Max , 2-5
Kinetic ejection O for V. < Vth X8x ● 1-2

Neuttsl iupact Kinetic ejection O for V. < Vth ttAx ●
l-~

bxmt impact Shock ionization 0.5 Ntct-max . 0.3-1*

●
Distribution has high-energy tail.

Table 3. Secondary Ion Emission

Energy Mean Thermal
Source Mechanism Yield

Drift -
Distribution Energy (eV) Energy (eV)

Ion impact Sputtering 0.1-1 Non-max. s —

Neutral impact Sputtering 0.1-1 Non-max. 5 --.-

Duat impact Shock ionization 0.5 Drifted max. 59 eV/amu 9 eV/amu

prsdictfons of secondary particle fluxes are very s.
accurate. Charging calculation baaed on these
estimation are nonetheless useful, provided a
fairly wide range of input distributions can be
considered, Modeling of the spacecraft plGems
environment will very likely be an important 6.
●spact of post-encounter data analyaia.
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